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ABSTRACT

The adsorption of oxalic acid on the rice bran was studied under various
conditions such as temperature, contact time, adsorbant dose and con-
centration of adsorbate. Batch adsorption experiments were conducted
and the result showed that the adsorption was dependent on all these
parameters. The adsorption process obeys the Langmuir and Freundlich
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adsorption isotherms. By these adsorption isotherms, thermodynamics
adsorption parameters and kinetics adsorption parameters were calcu-

lated. © 2013 TradeSciencelnc. - INDIA

INTRODUCTION

Sorption (adsorption, ion-exchange, complexation,
etc.) utilizing low-cost filter mediacould be an attrac-
tiveoptionfor smal busnesses, industry, or municipali-
tiestotreat wastewater or runoff. Several workershave
reported on the potential use of agricultural by—prod-
ucts as good substrates for theremoval of metal ions
from agueous sol utionsand wastewaters. This process
attemptsto put into use the principleof using wasteto
treat waste and become even more efficient because
these agriculturd by—products are readily available and
often posewaste disposal problems. Hence, they are
availableat littleor no cost, sincethey arewaste prod-
ucts. Thismakesthe process of treating wastewaters
with agricultural by—product adsorbents more cost ef-
fectivethantheuse of conventiona adsorbentslikeac-
tivated carbon. In addition, thereisno need for compli-
cated regeneration processwhen using agricultura by—

productsfor wastewater treatment-19,
Ricebranisoneof theimportant agriculturd wastes.
In this study is used from it as adsorbent. The outer
coating of aricegrainisthericebran. Itisthe brown
layer between thehull and thewhiterice. Thehull and
bran layer isthediscarded byproduct during themilling
processto makewhiterice. Therice branisabenefi-
cid sourceof lotsof lignin, celluloseand silicawith ad-
equate adsorptive capacity that can be use as a sor-
bent™Y, Dicarboxylic acidsareimportant compounds
inbiochemistry, natureand industry. Oxalicacidisone
of thederivativesof dicarboxylic acidsby m.p of 189
191 °C and density of 1.90 g.cm™. lon- exclusion chro-
matography (IEC) coupled with electrospray ioniza-
tion quadropole massspectroscopy (ESI-MS) hasbeen
used for theanalysisof oxaic acid*3. Remova meth-
odsof organic compondsinindustria dischargesmay
betraditionally divided into threemain categories. phys-
cal, chemical, and biological processes. Among them,
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physical adsorptionisgenerally considered to bethe
mogt efficient method for quickly lowering the concen-
tration of dissolved organic compondsin the solution**
18, Thus, themain objectivesof thiswork wereto char-
acterizethe physical propertiesof ricebranto examine
itsadsorption behaviorsof removing oxaicacid from
aqueous sol ution. Batch experimentswere conducted
toinvestigatethe effects of adsorbent dosage, absorbate
concentration, contact timeand temperature onthead-
sorption of oxalic acid onthericebran. Lngmuir and
Freundlichisotherm modelswereused toillustrate the
experimentd isothermsmodel sand i sotherms congtants.
Therate of adsorption wasfound to obey therule of
second order model with good correlations.

EXPERIMENTAL

All the chemicals were purchased from Merck.
Beforethe processof adsorption characterizationthe
rice bran must be prepared. Thus, theamountswhich
are needed was mixed with distilled water by stirrer-
magnet for 1 hr. Thenit waswashed with distilled wa
ter until apH of 7.0 was attained, dried inan oven at
50°C for 24 hr and stored in the desiccators. It was
further crushed, grined and sieved totwo different size
(average size<0.5 mm and average size between 0.5
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and 1mm) in accordancewith theAmerican Society for
Testingand Materids(ASTM). All experimentswere
carried out by the samples containing 50 cc of different
initial concentration (0.01- 0.04 M) of oxalicacidin
the range of 28-60°C temperature. 4 g of the adsor-
bent wastransferred into various 250 ml Erlenmeyer
flask and oxalic acid solution by fixed concentration
was added and mixed using astirrer- magnet for 1 hr.
Then thesol ution wasfiltered itsconcentration wasde-
termined by titration with 0.04 M sol ution of NaOH.
Theamount of equilibrium adsorption, ge(mg/g), was
caculated by:

(C.-C)V
W
where CO and Ce (mg/l) aretheliquid-phase concen-
trationsof oxaicacid at initid and equilibrium, respec-
tively. V(I) isthevolumeof thesolutionand W(g) isthe
the mass of dry adsorbent used™7.

Effect of adsor bateconcentration

9.

Several stock solutionswith concentration (0.01-
0.04 M) were prepared. Each solution was added to
4.0 g of the adsorbent in different 250 ml flasksand
agitated using amechanical agitator for 1 hr each. At
theend of thetime, the contents of theflaskswerefil-
tered and analyzed. Theresultsareshowninfigure 1.
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Figurel: Influenceof initial oxalic acid concentration on adsor ption of oxalicacid onricebran

Effect of adsor bent dose

50 ml each of the oxalic acid solutionswere added
to variousamount of the adsorbent (1-7.0 g) in differ-

ent 250 ml flasks, flasks were agitated for 1hr on a
mechanicd stirrer. The content of theflask wasfiltered
and analyzed. Theresultsare presented infigure 2.
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Effect of contact time

50 ml each of stock solution of oxalic acid was
transferred into different 250 cm? Erlenmeyer flask,
corked and labeled. 4.0 g each of the adsorbent was
weighedinto thedifferent |abel ed flasksand agitated in
ashaker for different contact times(3, 5, 7, 10, 15, 20,
45 and 60 minutes). After each agitated time, the con-
tent of each flask wasthen filtered. Theequilibrium con-
centration of themetal in each of thefiltratewas deter-
mined. Theresults obtained are showninfigure 3.

Effect of temperature

50 ml each of stock solution wastransferred into
various 250 cm? flask containing 4.0 g each of the ad-

120

sorbent, corked and |abeled for different temperatures
28, 45, 50, 60°C respectively. Themixturewas heated
and shaken to the appropriate temperaturein awater
bath. At theright temperature, the content of the each
of theflask wasremoved, filtered and analyzed. The
resultsobtained are shown infigure4.

RESULT AND DISCUSSION

The concentration-dependent datafor the adsorp-
tionof oxdicacidispresentedinfigure 1. It wasfound
that the percentage oxdic acid removal decreased with
increaseininitid oxaicacid concentration. Thiscanbe
explained by thefact that more adsorption siteswere
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Figure?2: Influence of adsor bent dose on adsor ption of oxalic acid on ricebran with aparticlesizeof d <0.5mm
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Figure3: Influence of contact timeon adsor ption of oxalicacid on ricebran
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Figure4: Influence of temperature on adsor ption of oxalicacid on ricebran

being covered asthe oxdic acid concentrationincreases.

Theeffect of theadsorbent dose ontheremoval of
oxalic acid from agqueous sol ution wasinvestigated by
varying thedose of theadsorbent from1—7.0 g. It is
expected that an increasein the dosage of adsorbent
shouldyield acorresponding increasein theamount of
oxalic acid adsorbed on the surface of the adsorbent
sincetherewill be more sitesfor the adsorbateto be
adsorbed. Therefore competitionfor bonding sitesbe-
tween mol ecul esof the adsorbate should decreasewith
increasein dose of the adsorbent!*819, From figure 2
thistrend wasinconsi stent and therefore suggeststhat
the use of ricebran as adsorbent partly depend on its
dosein agueous solution. Further increase of adsor-
bent dosedid not causeany significant change because
equilibrium was achieved between solution and solid
phase.

Theresult obtained from time-dependent experi-
ments for the adsorption of oxalic acid on rice bran
was presented in figure 3. Asthe contact timewasin-
creased, the amount of oxalic acid removed also in-
creased. The datashowed oxalic acid removal from
aqueous solutionincreasesinitidly until equilibriumwas
attained and then was constant. In according to figure
3, the observabl etimefor maximum adsorptionisbe-
tween 50-60 minutes.

Theéeffect of temperature ontheremoval of oxalic
acid from agueous solution wasinvestigated by varying
thetemperature of adsorption between 28°C and 60°C
(figure4). The datashowed that with increasing tem-

peraturetheamount of oxaicacid adsorbed onthesur-
face of the adsorbent decreases. The attractiveforces
between the adsorbent and the adsorbateion may have
been weakened making the adsorption to decrease. At
high temperature, thethicknessof theboundary layer is
expected to decrease dueto theincreased tendency of
theionsto escape from the surface of the adsorbent to
the solution phase hence there is bound to be weak
adsorption interactions between the adsorbent and the
adsorbate.

Adsorption isotherms

Adsorptionisusually described through isotherms,
that isthe amount of adsorbate on theadsorbent asa
function of itspressure (if gas) or concentration (if lig-
uid) at constant temperature. In this manner, the
Langmuir and the Freundlich isotherm equationswere
used tointerpret theexperimental data. Thefirst math-
ematical fitto anisotherm waspublished by Freundlich
and Kiister (1894):

logg, =log K. + llog C,
R

where Ceistheequilibrium concentration of thesolute
(mg/L) and geistheequilibrium adsorption capacity
(mg/g). The Freundlichisotherm constantsKFand 1/n
can be calculated from the plot of Inge versusInCe.
The slope (1/n) measuresthe surface heterogeneity.
Heterogeneity becomes more prevalent as 1/n gets
closer to zero.

Lngmuir equationisasemi-empiricd isotherm de-
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rived from aproposed kinetic mechanism. Itisbased
on four assumptiong?:
1. Thesurfaceof theadsorbentisuniform, thatis, all
theadsorptionsitesare equiva ent.
2. Adsorbed moleculesdo not interact.
3. All adsorption occursthrough the samemechanism.
4. Atthemaximum adsorption, only amonolayer is
formed: mol ecules of adsorbate do not deposit on
other, already adsorbed, molecul es of adsorbate,
only onthefree surface of the adsorbent.
Thelinearized form of the Langmuir adsorptioniso-
thermequationis
C, C, 1
= +
qt’ Qm K L (:"m
The Langmuir constants, which aregm and KL val-
ues, can be cd culated from the plot Ce/geversus Ce.
The maximum adsorption capacity wasdetermined as
3.21 mg/g at 28°C. Isotherm models constants and
correlation coefficientsfor oxalic acid adsorption on
rice bran listed in TABLE 1. The Langmuir and
Freundlich adsorption constants cal culated from the
corresponding isothermswith the correl ation coeffi-
cientsarepresentedin TABLE 1. The correlation co-
efficient showsthat the adsorption processcould be
described by theboth Langmuir and Freundlich model
equation. The Langmuir constants (g andK ) values
werefit the experimental data.

TABLE 1: Isotherm Models Constants and Correlation
Coefficientsfor oxalicacid adsor ption on ricebran

Freundlich L angmuir
T, K Kf; nl 2 KL! qmi R2
mg/lg  mg/l I/mg mglg

30115 0.177 13.33 0994 0.013 321 0.999

Thermodynamicstudies

Thermodynamic parameterssuch aschangein Gibb’
sfree energy (AG®), enthalpy (AH®), entropy (AS°)
weredeterminated using thefollowing equations:

|n(qe%e)=AS%z_AH%2T

AG® =AH’ -TAS

wheremistheadsorbent dose(mg/l), C,_ istheequilib-
rium concentration (mg/l) of theoxalicacidinsolution,
Risthegasconstant (8.314 Jmol/K) and T isthetem-
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perature (K). AG®°, AH® and AS° are changesin Gibb’
sfreeenergy (Jmal), enthapy (Jmol), entropy (Jmol/
K), respectively. Thevauesof AH® and AS® were de-
termined from theslopes (-AH °/ R) and theintercepts

(AS°/ R) of theplotsof |n(q6%e) vs.1/T.Thevdues

of thermodynamic parametersarepresentedin TABLE
2. Thenegativevauesof AG® indicate that the adsorp-
tion processisfeasbleand spontaneousin nature. The
negativevaueof AH® suggest the exothermic nature of
adsorption and the negativeva ue of AS° described the
randomness at the adsorbent-solution interface de-
creased during the adsorption.

TABLE 2 : Thermodynamic parameters for oxalic acid
adsorptiononricebran

AS°, kJ/mol. K™
-0.02673

AH®, kJ/mol
-10.322

AG®, kJ/mol
-2.67

Sor ption kinetics

Sorption kinetics was studied for adsorption of
oxalicacidonricebran of initial concentration 0.01
mol/l. Figure 3 Showsthat therate of sorption decrease
withincrease of timeand after 60 min, equilibriumwas
achieved. Severa kinetic model s have been proposed
to clarify themechanism of asolutesorption from agque-
ous solution on to an adsorbent. Therate constant of
adsorption was determined from the pseudo-first or-
der rate expression following equation given by
Lagergren:

In(@.-q.), =Ing, -kt

Wherek_, istherate constant of adsorption (mim?), g,
and g, aretheamount of oxalic acid adsorbed at equi-
librium and at timet (mg/q) respectively. Thevauesof
thek_, and g * werecalculated fromtheslopes (-k )
and theintercepts(Inq) of theplotsof In(q_-g) vs. t
reported in TABLE 3. TABLE 3 showsthat thereisa
largedifferenceinthevaluesof g @ and q > Therate
constant of adsorption was a so determined from the
pseudo-second order rate expression?Y:

t/q, =1/k,q.2 +t/q,

Wherek, istherate constant of adsorption (g/mg/min).
Thevaluesof k, and g were cal culated from thein-
tercepts (1/k, ge”) and the slopes (1/q,) of the plots of
t/q, vs. t. respectively, reported in TABLE 3. There-
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sults show that the values of g and g are al most
equd and regression correlaion coefficient (R?) isclose
to unity which confirm that adsorption of oxalicacidon
rice bran follows pseudo-second order kinetic model.

TABLE 3: Kinetic parameter sfor oxalic acid adsor ption on
ricebran

Pseudo-first order Pseudo-second order

qeexp’ qecal’ Kady 2 qeexp’ qecaj, K21 2

mg/g mglg min* mg/g  mg/lg g/mg.min

244 15 0.06 099 244 263 0.07 099
REFERENCES

[1] A.Dabrowski; AdvancesColloid Interface Sci., 93,
135 (2000).

[2] S.Kocaba, Y.Orhan, T.Akyuz; Desalination, 214(1-
3), 1 (2007).

[3] M.AIl-Anber, Z.A.Al-Anber; Desalination, 225(1-
3), 70 (2008).

[4] B.C.Osi, S.Ibrahim, S.Wang, H.M.Ang; Bioresour.
Technol., 100(18), 4292 (2009).

[5] W.S.Chang, SW.Hong, J.Park; Proc.BioChemi.,
37(7), 693 (2002).

[6] R.RoqueMaherbe; Micropor Mesopor Mat., 41(1-
3), 227 (2000).

[7] C.T.Hsieh, H.Teng; Carbon., 38, 863 (2000).

—= Pyl Peper

[8] Y.S.Ho, C.T.Huang, H.W.Huang; Proc.Biochem.,
37, 1421 (2002).

[9] T.Mathialagon, T.Viraraghavan, J.Hazard;
Mater.B., 94, 247 (2002).

[10] A.Demirbas, J.Hazard; Mater., 109, 221 (2004).

[11] C.R.T.Tarley, M.A.Z.Arruda; Chemosphere, 54,
987 (2004).

[12] C.Zuliang, K.Kwon-Rae, O.Gary, N.Ravendra;
Chromatographia., 67(1-2), 113 (2008).

[13] A.Fahmi; C.H.Minat, PFourre, PNortier; Surf.Sci.,
343, 261 (1995).

[14] A.GYoung,A.McQuillan; J.Surf.Chem.Calloids, 25,
3538 (2009).

[15] PH.Dewey; J.Phys.Chem., 36, 3187 (1931).

[16] A.Berna, A.Rodes, J.M.Feliu; Journal of Elec-
troanalytical Chemistry, 563, 49 (2003).

[17] PBrown, I.A.Jefcoat; Advances Environ.Res.,, 4,
19 (2000).

[18] W.S.Wan Ngah, M.A.K.M. Hanafiah; Biochem.
Eng.J., 39(2), 521 (2008).

[19] Y.Bulut, H.A.Aydin; Desalination, 194(1-3), 259
(2006).

[20] R.S.Araujo, D.C.S.Azevedo, Cavalcante Jr.,
C.L.Jimenez-Lopez, A.Rodriguez-Castellon;
Micropor.Mesopor.Mat., 108, 213 (2008).

[21] JRomero-Gonzalez, J.R.Peralta-Videa, E.Rodriguez,
M.Delgado, J.L.Gardea-Torresdey; Bioresour.
Technol., 97(1), 178 (2006).

A Tndéan W



